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METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a cleaning liquid which can effectively carry out cleaning 
operations, such as cleaning of electronic apparatuses, resist removal, and sterilization of 
medical instruments, while preventing impurities or a waste liquid from occurring by dissolving 
an ozon-containing gas in an halogben-containing organic solvent. 

SOLUTION: An ozone-containing gas is dissolved in a halogen-containing organic solvent by 
bubbling the gas through an air-diffusion plate or an air- diffusion ball. In another method, an 
anode for ozone generation is installed in the anode chamber of an electrolytic cell partitioned 
into an anode chamber and a cathode chamber by using a diaphragm; and electrolysis is 
conducted by using a halogen-containing organic solvent as the anode liquid so that an ozone- 
containing gas generated in the anode chamber is dissolved in the halogen- containing organic 
solvent as the anode liquid. A fluorine-containing organic solvent is especially suitable as the 
halogen-containing organic solvent, the use of a perfluorocarbon or a perfluoroether being 
preferable. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Ozone content purification liquid characterized by dissolving ozone content gas in the 
organic solvent containing a halogen. 

[Claim 2] Ozone content purification liquid according to claim 1 whose halogen is a fluorine. 
[Claim 3] Ozone content purification liquid according to claim 1 whose organic solvent containing 
a halogen is a perfluorocarbon solvent. 

[Claim 4] Ozone content purification liquid according to claim 1 which is electronic equipment 
washing and/or an object for resist removal. 

[Claim 5] The manufacture approach of the ozone content purification liquid characterized by 
blowing ozone content gas into the organic solvent which contains a halogen using an aeration 
ball, and making it dissolve. 

[Claim 6] The manufacture approach of the ozone content purification liquid characterized by 
obtaining the organic solvent containing the halogen which electrolyzed using the organic solvent 
which installs the anode plate for ozone generating in the anode plate room of the cell divided at 
the anode plate room and the cathode room using the diaphragm, and contains a halogen as an 
anolyte, and dissolved ozone content gas at the anode plate room. 

[Claim 7] The resist removal approach characterized by supplying the ozone content purification 
liquid made to dissolve ozone content gas in the organic solvent containing a halogen to the 
wafer front face with which the resist was covered, and to rotate, and removing a resist. 
[Claim 8] The resist removal approach characterized by immersing the wafer with which the 
resist was covered and removing a resist performing ultrasonic irradiation into the ozone 
content purification liquid made to dissolve ozone content gas in the organic solvent containing a 
halogen. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the purification approach which uses ozone 
content purification liquid available as decolorization of the sterilization liquid of medical 
equipment, such as a penetrant remover of the electronic equipment which can be used for 
resist removal, washing of a component, etc., and a syringe, and waste water, or an object for 
water treatment for deordorization, its manufacture approach, and this purification liquid. 
[0002] 

[Description of the Prior Art] It is observed as an oxidizer powerful [ ozone ] and clean, and the 
use as an object for water treatment is increasing from the reasons of that the residue does not 
remain to processed underwater one as compared with the thing of the chlorine system for 
which especially a decomposition product is oxygen and is used from the former, ozone not 
remaining in itself and the problem of a secondary public nuisance not having it quickly 
[ catabolic rate ]„ either. Thus, in order to generate ozone useful as an oxidizer, an electric 
discharge method and an electrolytic decomposition process are mainly adopted, and it is 
obtained from the former as ozone content gas which is the mixed gas of oxygen and ozone. The 
former electric discharge method has mixing of NOx which is the discharge oxide of mixing of the 
electrode material for discharge, or the nitrogen in air, and since it is unsuitable as an object for 
electronic equipment washing of which especially a high grade is required and there are many 
impurities also as other applications, it is not desirably used on parenchyma as a process of high 
grade ozone content gas by current. 

[0003] The latter electrolytic decomposition process is an approach of manufacturing ozone 
content gas by the electrolysis of water, and this electrolysis generation ozone content gas can 
use water as a raw material, can be electrolyzed using the structure ******** SPE mold 
electrode structure which made these electrode material adhere to the diaphragm of a solid 
electrolyte (SPE) as an electrode, using a lead dioxide, gold, platinum, etc., and can obtain the 
ozone which is a water electrolysis product from an anode plate side as mixture with oxygen. 
Since this electrolysis ozone is manufactured by the liquid system, it is perfect humid gas, and it 
has the descriptions, such as being obtained by 15% or more of high concentration. When 
washing an object using this ozone content gas, ozone content gas can be blown into a direct 
washing object as the candidates for washing are waste water and pool water, and decomposition 
and sterilization of a harmful impurity can be performed. Moreover, the ozone content gas 
generated by electrolysis as the candidates for washing are electronic equipment, such as a 
semiconductor device, is dissolved in high purity waters, such as pure water, and it is used for 
washing as ozone water (JP,8-1 3356, B). 

[0004] At detailed metal wiring on the silicon substrate which is one process of manufacture of 
said semiconductor device, a pattern formation process, or the pattern formation process on a 
LCD glass substrate, a lithography technique is used frequently. The process for which this 
lithography is used is performed in order of spreading -> baking -> mask exposure -> etching -> 
resist removal of the resist which consists of the photopolymer of an organic giant-molecule 
system. Said ozone water is used for washing and resist removal of each semiconductor device, 



and is broadly used from the excellency as the oxidizing agent as the object for component 
washing and the object for resist removal of electronic equipment. In current, the densification of 
wiring of multilayer-interconnection-izing, narrow-izing of line breadth, etc. progresses quickly, 
and the number of the processes which use the lithography of a before [ product completion ] is 
increasing. There are an approach of removing by etching as the removal approach of the resist 
used at the process which uses current lithography by plasma ashing, such as the approach of 
dissolving a resist with the organic system exfoliation liquid only for resist kinds and oxygen, the 
oxidation-removal approach which uses together the exfoliation liquid of the inorganic system 
which consists of the elevated-temperature high concentration sulfuric acid and hydrogen 
peroxide of 1 20 ** extent. 

[0005] as the penetrant remover after this resist exfoliation — chlorine-based solvents, such as 
a trichloroethylene, 1 and 1, 1 -trichloroethane, tetrachloroethylene, and a methylene chloride, 
chlorofluocarbon 1 1 2, and chlorofluocarbon 113 etc. — the chlorofluocarbon system solvent and 
the aromatic series system solvent are used. Furthermore, since these solvents wash after 
washing combining a ketone system or an alcoholic solvent, after exfoliating a resist, for example 
with exfoliation liquid, the resist removal approach which washes with said chlorine-based 
solvent or a chlorofluocarbon system solvent, subsequently washes with a methyl ethyl ketone, 
an acetone, etc., and is further washed by isopropanol etc. is used. 
[0006] 

[Problem(s) to be Solved by the Invention] The above-mentioned ozone water is used for almost 
all the processes of washing of the component for current electronic equipment. Since this 
ozone water makes it generate using the high grade ozone content gas made to generate with an 
electrolytic decomposition process, it has the purity to which the purity demand required of 
electronic equipment washing responds, and the problem has not produced in respect of purity. 
However, although to be more high-speed not only the maintenance and improvement in a mere 
cleaning effect but, and to wash is desired from a number of electronic equipment used as the 
candidate for washing of increments, by the washing approach which uses current ozone water, 
it cannot be told to this request that it has fully responded. 

[0007] Moreover, although excelled, the exfoliation force and a detergency have a handling- 
problem point in each, and need to use the above-mentioned resist removal approach properly 
according to a resist kind. That is, there are troubles, such as generating of resist residue, 
generating of organic system waste fluid, and generating of a thick sulfuric acid, respectively, and 
with the increment in the process which uses especially lithography in recent years, the amount 
of waste fluid increases and it is apprehensive about the bad influence to the increase of a 
burden and living environment to a processing network. Moreover, ** high concentration ozone 
water cannot be easily obtained by the resist removal or the washing approach by ozone water, 
catabolic rate is comparatively quick underwater, if temperature is raised in ** ozone underwater 
for which dissolved ozone is not used effectively to 60 degrees C or more, the catabolic rate of 
ozone rises, an ozone level falls by the rise of a water vapor pressure, and, as for ** ozone for 
which is small to removal of the firm organic substance like a resist, and an etching rate is not 
suitable to it, the trouble are not effective is pointed out. In addition, although purification of 
washing with purification liquid, such as ozone water, including various kinds etc. is performed, 
improvement in much more purification effectiveness is desired. This invention aims at offering 
the purification approach which uses the ozone content purification liquid which can be 
performed without generating an impurity and waste fluid more effectively [ actuation / , such as 
washing of such electronic equipment, resist removal, and medical equipment sterilization, / 
various / purification ], its manufacture approach, and this purification liquid. 
[0008] 

[Means for Solving the Problem] It is the ozone content purification liquid characterized by 
dissolving this invention in the organic solvent which contains a halogen, especially a fluorine for 
ozone content gas, and this purification liquid is suitable as electronic equipment washing and/or 
an object for resist removal. This purification liquid can be manufactured by electrolysis 
generation of the ozone which uses as an anolyte the organic solvent in which blow ozone 
content gas into the organic solvent which contains a halogen using an aeration ball, and it is 



made to dissolve, and which is caused especially or contains a halogen. It can manufacture 
efficiently by the dip coating accompanied by the spin cleaning method or ultrasonic irradiation 
which uses **** purification liquid. 

[0009] This invention is explained to a detail below. The ozone content purification liquid 
concerning this invention which is made to dissolve ozone content gas in the organic solvent 
containing a halogen, and changes has the following descriptions. 

** the solubility to the organic solvent of ozone is markedly alike from the solubility to water, 
and since it is high, washing capacity becomes high as purification liquid, especially a penetrant 
remover. 

** Since purification capacity is in the organic solvent containing a halogen itself, improvement 
in still much more purification capacity can be attained. 

** If selection of an organic solvent, especially the boiling point are chosen suitably, with ozone 
water, washing, sterilization, etc. exceeding 100 ** which cannot be performed at temperature 
will be attained, it can respond conventionally to washing of a broad class including washing 
which could not be set as the object of ozone washing, and purification of various classes other 
than washing or sterilization will respond further. 

** Since the ozonolysis in the inside of an organic solvent cannot advance easily from an 
underwater ozonolysis, the life as purification liquid becomes long. 

[0010] There are a fluorine, chlorine, a bromine, and iodine as a halogen of the organic solvent 
which contains an usable halogen by this invention, especially, use of a fluorine and chlorine is 
desirable and use of a fluorine is the optimal. It is because it can be used repeatedly, without the 
organic solvent with which the thing with desirable organic solvent which contains a fluorine as 
an organic solvent containing the halogen of this invention, especially solvent of a 
perfluorocarbon compound contains a fluorine hardly reacting with ozone, but being maintained 
by stability in down stream processing of an object purification object, and performing playback 
etc., and if a perfluorocarbon compound is used, much more improvement in resistance can be 
attained. The solvent which reacts with ozone, and decomposes or deteriorates is in the organic 
solvent containing chlorine, a bromine, or iodine, and since contamination by the decomposition 
product is also considered, to use the organic solvent containing halogens other than a fluorine, 
it is necessary to choose in consideration of reactivity with ozone. 

[001 1] Furthermore, as for the organic solvent of this invention, it is desirable that it is a liquid 
near a room temperature, for example, it is desirable that the boiling point is 30 degrees C or 
more, and the melting point is an organic solvent 20 degrees C or less. If the boiling point 
chooses the organic solvent exceeding 100 **, as above-mentioned, with ozone water, washing 
at impossible temperature etc. will be attained and purification actuation of washing of the 
member which needs advanced washing which could not be accomplished etc. will be attained by 
the conventional ozonization. An independent compound or mixture is sufficient as this organic 
solvent, and it may contain two or more sorts of halogens. When the organic solvent of the 
desired boiling point* cannot be found out, two or more organic solvents are mixed and seen, and 
the upper boiling point can be adjusted. 

[0012] As the organic solvent of this invention, especially an organic solvent containing a fluorine 
Perfluorocarbon (PFC, compound which permuted all the hydrogen of a hydrocarbon with the 
fluorine), The perfluoro ether (compound which permuted all the hydrogen of PFE and the 
hydrocarbon system ether with the fluorine), Hydrochlorofluorocarbon (HCFC, compound which 
permuted a part of hydrogen of a hydrocarbon with chlorine and a fluorine), There is fluorination 
alcohol which permuted with the fluorine a part of hydro fluorocarbon (HFC, compound which 
permuted a part of hydrogen of a hydrocarbon with the fluorine), hydro fluoro ether (compound 
which permuted a part of all hydrogen of HFE and the hydrocarbon system ether with the 
fluorine), and hydrogen. There is the perfluoro ether which AUSIMONT K.K. is marketing by the 
trade name of "GALDEN" as a compound with which the chemical formula is concretely 
specified among perfluoro compounds, and this compound is CF3-[(0-(CF3-) CF-CF2) n-(0- 
CF2) m] 0-CF3. It is expressed with a chemical structure type. 

[0013] Use of perfluorocarbon or the perfluoro ether is desirable as an organic solvent which 
contains a halogen from the field of the corrosion resistance over ozone. The solubility of the 



ozone to the organic solvent containing the halogen used for this invention reaches dozens times 
from several times of the solubility of ozone to pure water or tap water, and purification capacity 
also goes up with the rise of solubility. These organic solvents are the high molecular compounds 
in which the monomer usually carried out the polymerization, the solubility of the ozone to the 
organic solvent of the same weight is as high as the case of low molecular weight, and the 
solubility of ozone [ as opposed to the organic solvent of the same weight in the case of the 
amount of macromolecules ] becomes low. In order to dissolve ozone content gas in this organic 
solvent, it is desirable to carry out like [ in the usual ozone water manufacture ] using a diffusion 
plate or an aeration ball, that is, ozone content purification liquid is easily obtained by carrying 
out bubbling of the ozone content gas into an organic solvent through a diffusion plate or an 
aeration ball. 

[0014] In addition, the dissolution to ozone manufacture and an organic solvent can also be 
performed by one actuation. That is, if it electrolyzes using the organic solvent which installs the 
anode plate for ozone generating in the anode plate room of the cell divided at the anode plate 
room and the cathode room using the diaphragm, and contains a halogen as an anolyte, the 
ozone content gas generated at an anode plate room will dissolve in said organic solvent which is 
an anolyte as it is, and the ozone content purification liquid of this invention will be obtained. 
Although the ozone level of the purification liquid of this invention is dependent also on the 
organic solvent and temperature to be used, it is usually 300 - 500 mg/l at a room temperature, 
and it reaches by dozens times [ several times to ] the ozone level of the above-mentioned 
passage usual ozone water. The purification liquid which ozone content gas dissolves in the 
organic solvent containing the halogen of this invention, and grows into it is applicable to 
purification actuation of washing of precision mechanical equipments, such as sterilization of 
medical equipment, such as washing of electronic equipment, such as a semi-conductor, resist 
removal in the process which uses the lithography at the time of this electronics manufacturing, 
and a syringe, and a clock, washing of food, etc. as it was mentioned above. 
[0015] Although it is also good to immerse this wafer in the ozone content purification liquid of 
this invention, since the resist which exfoliated from the wafer front face with ozone content 
purification liquid only in mere immersion remains in a wafer front face and the resist removal 
covered by the wafer front face becomes easy to check a non-exfoliated resist and contact of 
ozone content purification liquid, it is desirable in carrying out ultrasonic irradiation to immersion 
and coincidence, and promoting the desorption from the front face of an exfoliation resist. 
Furthermore, since the resist which exfoliated like ultrasonic irradiation is desorbed from a wafer 
front face even if it injects ozone content purification liquid on a revolving (spin) wafer front face 
and tries resist removal, processing effectiveness rises. 

[0016] Moreover, the purification liquid of this invention can be used also for waste water 
treatment, carries out mixed shake of this oleophilic purification liquid with waste water, contacts 
the ozone content gas in this purification liquid to the impurity in waste water, and can perform 
sterilization or impurity removal. After processing becomes a bilayer and separates the 
purification liquid of the waste water of a hydrophilic property, and oleophilic this invention. 
Moreover, since the purification liquid of this invention is comparatively expensive, it is desirable 
to collect and carry out playback use after use, and after performing waste water treatment etc. 
as it is the above-mentioned, it dissociates by a decantation etc., and it performs filtration and 
ion-exchange-resin processing if needed. 

[0017] Since it has high concentration to the extent that it does not become as compared with 
conventional ozone water, it has the broad application of which conventional ozone water cannot 
remind, an oxide skin is formed and passivated on the front face of for example, electronic 
equipment components, metal components, and precision components besides the above- 
mentioned, and it is used as an oxidizer in an organic chemistry reaction, or the purification liquid 
of this invention can also be used for oxidation treatment and annealing of an inorganic 
chemistry reaction. [ raising endurance ] For example, the time and effort and the risk of ozone 
handling of generating ozone are avoidable, reacting conventionally, the organic-acid-ized 
reaction which was being performed while blowing ozone into the organic solvent by the ability 
only reacting as a solvent using this purification liquid, if the ozone content purification liquid of 



this invention is used. 

[0018] In this invention, purification is called including all actuation of these and usable liquid is 
said to these actuation as purification liquid. Moreover, the purification actuation which uses the 
purification liquid of this invention may not be limited to actuation only with this purification 
liquid, may use together UV irradiation and the ultrasonic irradiation mentioned above, or may 
use gas and the liquids other than ozone for coincidence. Moreover, the solvent which does not 
contain an effective halogen may be used for removal of a specific component also about a 
solvent in addition to the organic solvent containing the above-mentioned halogen, mixing with 
said organic solvent to it. 
[0019] 

[Embodiment of the Invention] Next, although the operation gestalt of the resist removal with the 
ozone content purification liquid of this invention is explained based on an accompanying 
drawing, this invention is not limited to this. Drawing 1 is the outline front view showing 1 
operation gestalt (dip coating) of the resist removal with the ozone content purification liquid 
concerning this invention. It is divided by the cation exchange membrane 2 which is a solid 
electrolyte at the anode plate room 3 and the cathode room 4, and the cathode matter powder 6 
adheres to the cathode room 4 side again, respectively, and, as for the body 1 for ozone content 
gas making of a cell, the anode plate matter powder 5 which has the catalyst ability to the ozone 
content generation of gas in the anode plate room 3 side of said ion exchange membrane 2 
serves as the SPE mold cell 1. 

[0020] If pure water is filled in the anode plate room 3 and the cathode room 4 of this cell 1 and 
it energizes among two poles, the ozone content gas which is the mixed gas of ozone and oxygen 
in the anode plate room 3 side will occur. On the other hand, near this cell 1, the ultrasonic- 
cleaning tub 7 is installed and pure water 8 is filled in this washing tub 7. The wafer 1 1 with a 
resist is arranged so that the crucible 9 made from a quartz with which the base was fabricated 
round may be installed in this washing tub 7, and the fluorine content organic solvent 10 may be 
filled in this crucible 9 and it may be immersed in this organic solvent 10. The ozone content gas 
which occurred in the anode plate room 3 side of said cell 1 is introduced into said organic 
solvent 10 through a supply line 12, and is dissolved into an organic solvent 10 from aeration ball 
13 front face in this organic solvent 10, and ozone content purification liquid is produced. The 
produced ozone content purification liquid purifies wafer 1 1 front face while removing the resist 
on a wafer 1 1 by the oxidizing power of the ozone and the organic solvent itself which is 
contacting and dissolving in the wafer 1 1 in this purification liquid. In this case, a supersonic 
wave is impressed and resist removal and the surface purification effectiveness become 
remarkable further. 

[0021] Drawing 2 is the outline front view showing other operation gestalten (spin cleaning 
method) of the resist removal with the ozpne content purification liquid concerning this 
invention, since the body 1 of a cell and its member are the same as that of ^wingj. , attaches 
the same sign and omits explanation. The mixed pump 14 is supplied from supply line 12a, it is 
mixed with organic solvent 10a stored by the depot 15 of the organic solvent containing a 
fluorine, and ozone content purification liquid generates the ozone content gas which occurred 
by the body 1 for ozone content gas making of a cell in the mixed pump 14. This ozone content 
purification liquid is supplied to the spin scrubber 17, after the vapor-liquid-separation tub 16 is 
supplied and separation removal of the non-dissolved ozone is carried out. This spin scrubber 17 
has wafer 1 1 with resist a fixed to the shaft 19 installed in the core of a saucer 18 free 
[ rotation ]. 

[0022] If a comb also injects supply for ozone content purification liquid at the core of this wafer 
1 1 a, rotating wafer 1 1 a of this spin scrubber 1 6, the resist in which the resist on wafer 1 1 a 
exfoliated by the flux of ozone content purification liquid, and exfoliated after that will be 
removed from a wafer 11a front face. If rotation of a revolving shaft 19 is continued increasing 
remaining as it is or a rotational frequency suspending supply of ozone content purification liquid 
after that, and maintaining a rotational frequency, said penetrant remover of a wafer 11a front 
face will disperse, and desiccation of wafer 11a will be performed. After the ozone content 
purification liquid after use removes impurities, such as a resist mixed through the PTFE filter 



20, it circulates through it to said depot 1 5. 

[0023] (Example) Although the example of purification actuation, such as resist purification which 
uses the ozone content purification liquid applied to this invention next, is indicated, this example 
does not limit this invention. 

an example 1 — the solubility to the fluorine content organic solvent of ozone content gas was 
measured first Electrolysis effective-area 90cm2 It equipped with the diaphragm made from 
Nafion (trade name) which is the fixed electrolyte which lead-dioxide powder is adhered to an 
anode plate side, and made platinum powder a cathode side adhere to a cell, respectively, and 
considered as the SPE mold cell, this cell was divided in the anode plate room and the cathode 
room by said diaphragm, and 11. of pure water was filled in this cell. It is 100 A/dm2 to this cell. 
By energizing so that it may become, the mixed gas (ozone content gas) of the ozone which 
contains ozone 12% of the weight, and oxygen was obtained at a rate of 10g/o'clock. 
[0024] It is 0.7 to the cylindrical shape scrubbing bottle made from Pyrex glass which filled 
FURORINATO FC-77 (97 degrees C of boiling points) 100 ml which is a fluorine content organic 
solvent by Sumitomo 3M, Inc. about this ozone content gas. It introduced at a rate for liter/ and 
was made to dissolve into said organic solvent through the aeration ball made from a porosity 
quartz. Extract 5ml of this ozone content organic solvent, mix with 5ml of 20% of the weight of 
potassium iodide water solutions, and shake violently, and it is made to fully contact, and iodine 
ion was oxidized by ozone and made to color yellow. Next, it titrated after adding 5ml of 1/1 0-N 
sulfuric-acid water solutions and separating iodine until coloring disappeared using 1/50-N 
sodium-thiosulfate solution. The solution temperature of an organic solvent was changed 
similarly, ozone solubility was measured, respectively, and the temperature dependence of ozone 
solubility was investigated. The result is shown in Table 1. 

[0025] Pure water was filled instead of FURORINATO FC-77 in the example of comparison 1 
scrubbing bottle, ozone was dissolved on the same conditions as an example 1, and the 
temperature dependence of the ozone solubility to the inside of pure water was measured 
similarly. The result was shown all over Table 1. Table 1 shows that FURORINATO showed very 
high ozone solubility as compared with pure water, and high-concentration ozone content 
FURORINATO was obtained from the ozone content gas supplied at the temperature of 50 
degrees C or less. 
;0026] 
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[0027] The resist stripper as shown in drawing 1 using the cell of example 2 example 1 was 
assembled. Pure water was filled to the ultrasonic-cleaning tub of this equipment, and the quartz 
crucible in which a top face carries out opening was further installed into this. The 
FURORINATO FC-77 [ same ] as an example 1 were put in into this crucible, and the aeration 
ball made from a porosity quartz has been arranged so that it may be further immersed in this 
FURORINATO. It lets an aeration ball pass for the ozone content gas which contains the ozone 
obtained in the example 1 12% of the weight, and is 0.7 in FURORINATO. It was 460 mg/l, when it 
supplied at a rate for liter/and the ozone level was measured after [ of supply initiation ] 20 
minutes. It is thickness 1.2 to this ozone content FURORINATO about a positive resist 
TSMRV90 (TOKYO OHKA KOGYO CO., LTD. make). The 6 inch silicon wafer applied by mum 
was made immersed into FURORINATO. Took out after 3 minutes, it was made to dry by 120 **, 
and the etch rate was computed from the residual thickness of a resist by cross-section 
observation by SEM. The result was shown in Table 2. Ultrasonic irradiation was used together 
on the same conditions at the time of wafer immersion, and the etch rate was computed 
similarly. The result was also shown in Table 2. 

[0028] The ozone levels were 60 mg/l when ozone water was produced like the example 2 



except having used pure water instead of example of comparison 2 FURORINATO. The etch rate 
(with no ultrasonic irradiation) was computed like the example 2. The result was shown in Table 
2. The table 2 showing the result of an example 2 and the example 2 of a comparison shows that 
a dissolution ozone level will become 7 or more times as compared with the case where pure 
water is a solvent if the organic solvent which contains a fluorine as a solvent of the ozone 
dissolution is used. It is about 2.5 when the former will be used, if the etch rate of the resist 
removal by ozone content purification liquid and ozone water (with no ultrasonic irradiation) is 
measured. A twice as many etch rate as this can be obtained, speeding up of manufacture of a 
wafer, as a result the semi-conductor manufacture which has this wafer can be attained, and it 
can respond to improvement in the speed and densification of electronics manufacturing. 
Furthermore, if resist removal is performed irradiating a supersonic wave, even when the same 
ozone content purification liquid is used, a resist removal rate will reach 4 times. This can be 
conjectured to be because for the resist which exfoliated from the wafer with ozone content 
purification liquid to flow away with purification liquid from a wafer front face with a supersonic 
wave and to be able to perform contact in a non-exfoliated resist and purification liquid suitably. 
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[0030] Resist removal from a wafer with a resist was performed using the cell and spin scrubber 
which were shown in example 3 drawing 2 . The ozone content gas which contains ozone 12% of 
the weight like an example 1 was made to generate, it mixed with the FURORINATO FC-77 
[ same ] as an example 1 with the mixed pump, the vapor-liquid-separation machine separated 
non-dissolved ozone, and it considered as ozone content purification liquid. When the ozone level 
in this ozone content purification liquid was measured, it was 460 mg/l and solution temperature 
was 20 degrees C. 

[0031] The silicon wafer same to a spin scrubber as an example 2 was installed enabling free 
rotation, and it was made to rotate by 300rpm. It is said ozone content purification liquid to this 
revolving wafer core 0.1 It washed by injecting for 3 minutes at a rate for liter/. It is 1000rpm 
about the rotational frequency after suspending supply of ozone content purification liquid. It 
went up and spin desiccation was performed for 1 minute. Then, by cross-section observation of 
the wafer by SEM, residual thickness was measured and the etch rate was computed. The result 
was shown in Table 3. 
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[0033] Except having used the ozone water (ozone water 1) of 60 mg/l, the ozone level used in 
the example 2 of a comparison instead of example of comparison 3 ozone content purification 
liquid performed the same actuation as an example 3, by cross-section observation of the wafer 
by SEM, measured residual thickness and computed the etch rate. The result was shown in 
Table 3. Furthermore, the ozone water (ozone water 2) which adjusted the ozone level to 30 
mg/l was produced, the wafer was washed similarly, and the etch rate was computed. The result 
was shown in Table 3. According to the spin cleaning method of an example 3, as compared with 
dip coating without the ultrasonic irradiation of an example 2, one 4 times the etch rate of this is 



obtained from Table 3, and it turns out that this value has the same rate as the dip coating 
accompanied by ultrasonic irradiation. It can be surmised that it is because the resist which 
exfoliated from the wafer flows away with purification liquid from a wafer front face by rotation 
of a wafer and the flux of the ozone content purification liquid injected by the wafer front face 
and can perform contact in a non-exfoliated resist and purification liquid suitably like [this ] the 
case of ultrasonic irradiation. 

[0034] Quinoline yellow S40mg which is one sort of example 4 color was dissolved in pure-water 
100 ml, ozone was mixed with FURORINATO FC-43 [ 10ml ] (Sumitomo 3M, Inc. make and 
boiling point 1 74 **) which carried out the 440 mg/l dissolution under the room temperature, the 
tenebrescence of said color was observed, and the chromaticity was measured, as being shown 
in Table 4 — a chromaticity — 0.5 it was . In addition, since the chromaticity of the undiluted 
solution which dissolved quinoline yellow S40mg in pure-water 100 ml was too large to measure, 
it diluted and measured 5000 times and the chromaticity 20 was obtained. 

[0035] Tenebrescence processing was similarly performed using the ozone water which carried 
out 60 mg/l dissolution of the ozone instead of example of comparison 4 FURORINATO FC-43, 
and the chromaticity after processing was measured. The result is 200 as shown in Table 4. It 
was 20 in twice dilution. 
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[0037] Nafion 117 which boiled the stainless steel fiber sintered compact which performed 
platinum plating for the titanium fiber sintered compact which performed lead-dioxide plating to 
example 5 front face to the anode plate and the front face in cathode and a hydrochloric acid It 
was used, respectively, having used the film (Du Pont make) as the electrolyte, and the cell for 
ozone generating was constituted. Both the electrolysis area of an anode plate and cathode is 2 
5cm. It carried out. FURORINATO FC-70 (Sumitomo 3M, Inc. make and boiling point 215 **) is 
filled in the anode plate room of this cell, ultrapure water is added to a cathode room, and it is 
current density 0.5 A/dm2. Electrolysis was performed for 3 hours. The concentration of the 
ozone which contains the ozone level in the anode plate generating gas after 3-hour progress in 
FURORINATO of 10 capacity % and an anode plate room was 450 mg/l. 
[0038] 

[Effect of the Invention] This invention is ozone content purification liquid characterized by 
dissolving ozone content gas in the organic solvent containing a halogen, the organic solvent 
containing a halogen has alike and high ozone solubility as compared with pure water, and the 
ozone content purification liquid of this invention can be effectively used to washing, resist 
removal, etc. of the component of electronic equipment as a high concentration ozone content 
solution. Furthermore, since itself has a cleaning effect, the organic solvent containing a halogen 
can offer the purification liquid having the cleaning effect of ozone, and the cleaning effect of a 
solvent. Moreover, it can respond to washing of the broad class included in washing which 
washing in the temperature which will exceed 100 ** if the boiling point of an organic solvent is 
suitably chosen in this invention, although purification actuation in the temperature which 
exceeds 100 ** in the conventional ozone backwashing by water since the boiling point of ozone 
water is 100 ** could not be performed, sterilization, etc. are attained, and could not be 
conventionally set as the object of ozone washing, and it is responded by purification of the still 
more various classes other than washing or sterilization. 

[0039] Moreover, if a fluorine is chosen as said halogen, performing [ the purification capacity 
which a fluorine generally has is not only higher than other halogens, but / do not deteriorate in 
order that the organic solvent containing a fluorine may hardly react with ozone, continue at a 



long period of time, and ]-exchange and playback use is continuable. Furthermore, while 
purification capacity increases further that the organic solvent containing a halogen is a 
perfluorocarbon solvent, degradation can prevent nearly completely. Moreover, if the ozone 
content purification liquid of this invention is used in case it removes a resist from washing and 
the wafer of electronic equipment, it is effective, and the purification effectiveness which cannot 
be expected by accommodation of the above-mentioned fast detergency and washing 
temperature is acquired. 

[0040] Although said ozone content purification liquid can be manufactured by blowing ozone; 
content gas generally into the organic solvent which contains a halogen using an aeration ball, 
and making it dissolve, if the organic solvent which contains a halogen as an anolyte of the cell 
for SPE mold ozone manufacture is used as a special manufacture means, the ozone content 
purification liquid of this invention will be obtained at the anode plate room of this cell. A 
separate dissolution means becomes unnecessary by this, and workability improves. The above- 
mentioned resist removal can be immersed in ozone content purification liquid, and can perform 
a wafer, supplying or carrying out ultrasonic irradiation of the ozone content purification liquid 
rotating the wafer which covered the resist, and its removal effectiveness improves by any 
approach. This can be conjectured to be because for the resist in which the resist in which 
ozone content purification liquid collided with the wafer front face as flux, and exfoliated from 
the wafer front face was away passed from the wafer front face with purification liquid, or the 
supersonic wave exfoliated from the wafer front face to be passed from a wafer front face and 
for contact in the purification liquid of a non-exfoliated resist to be able to perform it suitably 
with purification liquid for last reason. 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline front view showing 1 operation gestalt of the resist removal with the 

ozone content purification liquid concerning this invention. 

[Drawing 2] The outline front view showing other same operation gestalten. 

[Description of Notations] 

1 Body of Cell 

2 Ion Exchange Membrane 

3 Anode Plate Room 

4 Cathode Room 

5 Anode Plate Matter Powder 

6 Cathode Matter Powder 

7 Ultrasonic-Cleaning Tub 

8 Pure Water 

9 Crucible 

10 10a Fluorine content organic solvent 

11 11a Wafer with a resist 

12 12a Supply line 

13 Aeration Ball 

14 Mixed Pump 

15 Depot 

16 Vapor-Liquid-Separation Tub 

17 Spin Scrubber 

18 Saucer 

19 Shaft 

20 Filter 
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